New double-stranded peptide chelators (1) conjugated Cat (2,3-dihydroxybenzoic acid) were synthesized and formed a molecular complex 1-Eu 3؉ (or 1-Lu
Many studies have described the determination of luminescence, radiotherapeutic applications, and development of chelators for lanthanide ions (Ln 3ϩ ) in the past several years. [1] [2] [3] In the application of lanthanide ions for photometry, fluorometry and bioassay, 4, 5) , and Lu 3ϩ ions is lacking since lanthanide ions have extremely similar chemical properties. Here, we used La (4fϭ0), Eu (4fϭ7), and Lu (4fϭ14) to study in order to show clearly whether the ability of complexation changes with the number of 4f electrons. Although 18-crown-6 ether (1), 6, 7) ethylenediaminetetraacetic acid (EDTA) (2), 8) and calix [6] or Lu 3ϩ ions, we synthesized target double-stranded amino acid-Cat(OH) (8) and double-stranded peptide-Cat(OH) (9) by conjugation with two 2,3-dihydroxybenzoic acid (Cat, 5) at N-terminus of the double-stranded peptide (or amino acid) conjugated with two -Ile-Phe-or -Phe-residues to a spacer. 12, 13) In designing the functional chelators we have designed them using absolute hardness (h) and absolute electronegativity (c) based on the hardness concept. [14] [15] [16] [17] The values of c and h were calculated by Eqs. 1 and 2.
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Where E is the electronic energy of a molecule or a atom, N is the number of electrons, and u (r) is the external electrostatic potential. The I p and E a are the ionization energy and the electron affinity (eV), respectively. To analyze the electron structure of lanthanide ions and chelators, the coordinate of the electron structure was defined as r(c, h)ϭ As the soft-based chelator is favorable to bind the soft-acid metals M nϩ ion according to the hardness concept, we synthesized and chose chelators 8 (r(3.015, 5.635)) and 9 (r(2.810, 5.500)) 19) as soft-based chelators which are a softer chelator than 1 (r(2.495, 8.345)), 2 (r(3.180, 7.500)), and 3 (r(2.370, 5.910)). Because, the s (0.177) of 8 is smaller than that of 1 (0.120), 2 (0.133), and 3 (0.169) since the reciprocal of the h is the global softness (s); sϭ1/h (eV). The s is a measure of chemical softness.
The target chelators were synthesized as shown in Fig. 2 . Removal of the Boc groups of Boc-protected bis(L-Phe)-1,4-diaminodimethylbenzene (4) by trifluoroacetic acid (TFA) afforded the free compound (6) in good yield. 13 ) Conjugation of 2,3-bis(benzyloxy)benzoic acid, was prepared from 2,3-dihydroxybenzoic acid (5) , with N-terminal of 6 afforded by treating CDI in dry CHCl 3 . Deprotection of Bn group in 7 using 5% Pd/C-H 2 gave new functional double-stranded peptide-Cat(OH) chelators (8) (and (9)), in 60-65% yield. All compounds 6, 7, 8 and 9, provided satisfactory analysis by a) The data of lanthanide ions was taken from lit. The UV/Vis spectra of the chelators 8 and 9 were obtained in a 10 mM HEPES buffer in 85% MeCN (pHϭ5.8), and the first excited wavelength (l max ) was 315 nm. The absorption intensity of 8 at 315 nm decreased by the addition of the Eu 3ϩ ion increased from 0.0 to 5.00ϫ10 Ϫ4 mol/l under a fixed concentration of 8 (final concentration of 7.26ϫ10 Ϫ5 mol/l). It was found that the absorption intensity of a new l max at 338 nm increased by addition of Eu 3ϩ ion. Figure 3A shows the result of the UV/Vis titration studies. However, the shift of l max at 315 nm was not observed in titration experiments of 8 and 9 with La 3ϩ ion (Figs. 3B, C) . In the titration studies, the expression of a new l max confirms that the double-stranded peptide chelator 8 and 9 form the molecular complexes with Y 3ϩ , Eu 3ϩ and Lu 3+ but not La 3ϩ . In order to characterize the new complex, the binding constants (K b ), ratio (n : m) in composition of the complex, and the molar absorbance coefficient (e) were obtained from the UV/vis titration data. The K b values of the complexes, which were determined by a Benesi-Hildebrand plot using UV/Vis titration, 22) were about 10 4 -10 5 mol Ϫ1 · l levels. It was found that the magnitude of K b value increases in the following order:
. Although the K b of 8 (and 9-)-La 3ϩ complexation was determined by a similar method, the slope of the Benesi-Hildebrand plot was parallel against the x-axis. From the slope, the binding constants for 8-La 3ϩ and 9-La 3ϩ are near 0. The K b ϳ0 supports in comparison with the results of calix [4] arene-La 3ϩ complexation (slopeϭ0). The stoichiometry for the ratio (n : m) of composition for 8-Ln 3ϩ complexation was determined by the molar ratio method 23) and was found to be 1 : 1 ratio since numbers n and m were nϭmϭ1. It is found that the other chelators also form the complex values of c and h shown with horizontal and vertical lines respectively, greatly change in the r(c, h) diagram (Fig. 1) . In addition, chelators 8 and 9 can expect to function as the probe or luminosensor for fluorescence since maximum excitation and emission were observed at 315 and 340 nm, respectively, to 8 and 9. This interesting selective recognition suggests that this class of double-stranded peptide chelators offer useful tools for studying the separation and the development of new peptide chelators.
